Summary &horbar; The breakdown of a pancreatic hydrolysate of casein (tryptone) by an inoculum of ruminal mixed bacteria was studied in vitro. Peptides were degradated at 33% after 5 h. The dipeptidyl aminopeptidase type I (DAP-1 exoaminopeptidase and leucine aminopeptidase (LAP) like activities were measured using, respectively, Gly-Arg-MNA, Ala-pNa and Leu-pNA as substrates. While the total proteolytic activity remained stable throughout peptide breakdown, the DAP-1 already present at the beginning of fermentation increased until two times its early activity. This peptidase activity is a major index for the presence of Prevotella ruminicola. A peak of exoaminopeptidase and LAP activities were observed at 3 h incubation. This latter activity, which was associated with the production of lactate after 3 h, suggested that Streptococcus bovis was present in the environment. With the use of high-performance size exclusion chromatography (HPSEC), the size of the peptides during their breakdown could be measured, showing that high molecular weight peptides (4 to 2 kDa) were apparently more rapidly broken down to the profit of small-sized peptides (< 0.5 kDa), which increased. These degradation abilities were closely linked to DAP-1 activity. Separation of tryptone peptides by reverse-phase high-performance liquid chromatography (HPLC) showed that more hydrophilic peptides disappeared than hydrophobic peptides. Moreover, a few peaks eluting for one in the hydrophilic area and for the others in the hydrophobic area resisted the bacterial breakdown. In contrast, amino acid profiles indicated that hydropholic amino acids were not taken up significantly faster than the hydrophobic amino acids by mixed ruminal bacterial. 
INTRODUCTION
Peptides are intermediates in the conversion of ingested protein to ammonia by rumen bacteria and are a site at which the rate of breakdown might be controlled (Wallace et al, 1990b) . Previous studies indicated that peptides were broken down in rumen fluid almost exclusively by aminopeptidases. Using different synthetic substrates, the dipeptidyl aminopeptidase type I (DAP-1; EC 3.4.14.1) (Wallace and McKain, 1989; Wallace et al, 1990a) (tryptone) . Hydrophobic and hydrophilic peptides were separated by simple extraction with isopropanol. Kinetic studies performed in vitro have shown that the bacteria had the same affinity for both fractions but broke down hydrophilic peptides twice as rapidly as hydrophobic peptides. The response was identical using pure or mixed bacterial cultures (Chen et al, 1987c) . Several attempts have been made to analyze the extracellular peptides of the ruminal fluid by reversed-phase high-performance liquid chromatography (HPLC) (Russel et al, 1983; Chen et al, 1987a,b) . Interpretation of the chromatograms was difficult except in the study of Chen et al (1987b) where hydrophilic peptides (eluted in the first part of the chromatogram) seemed to be preferentially used by rumen microorganisms. The more hydrophobic fractions were rarely or not broken down during the 17 h h with the exception of a late emerging peak that decreased. This could indicate that even hydrophobic peptides might be used. Wright (1967) 
Incubation with peptides in vitro
The anaerobic culture techniques used were similar to those described by Hungate (1969) (Russell et al, 1983) , 2 500 mg glucose, 2 500 mg cellobiose and 500 mg soluble starch.
The medium was brought to a boil under C0 2 and cooled. Tryptone peptides (Difco) were added to a final concentration of 10 000 mg.L-!. Then 4 000 mg of Na 2 CO 3 and 1 mg resazurin were added and the solution was bubbled with C0 2 until the Na 2 CO 3 dissolved. A solution of Na 2 S was then added (500 mg.L-1 Na 2 S.9H 2 0, final concentration). The pH medium was 6.8.
The following operations were conducted in three replicates: each tube of Hungate received, in anaerobic conditions, 9 mL of the medium containing the peptides and 1 mL of the inoculum previously described. The starting absorbance at 660 nm was 0.8. The parameters were measured every hour for 5 h during the bacterial growth. After measuring the bacterial growth at 660 nm, the samples were stored at-20 °C before analysis.
Enzymatic activities
Total proteolytic activity was measured using azocasein. The incubation time was 6 h. An enzyme unit corresponds to an optical density (OD) variation of 0.01 unit h-1 (Debroas and Blanchart, 1993a) . The dipeptidyl aminopeptidase type I like activity (DAP-1) was determined using Gly-Arg-4-methoxy-2-naphthylamid (MNA) as the fluorogenous substrate according to the method of Wallace and McKain (1989) . The incubation time was 6 h in anaerobiosis at 39 °C. MNA was determined by its fluorescence (excitation wavelength = 350 nm, emission wavelength = 420 nm). The exoaminopeptidase activities were measured on Ala-pNA and Leu-pNA as chromogenous substrates (Wallace and McKain, 1989) . The incubation was done in anaerobic conditions for 4 h at 39 °C. The release of pNA was determined by the diazotization procedure of Appel (1974) .
Gly-Arg-MNA, MNA, Leu-pNA, Ala-pNA, pNA and other peptides were from Sigma Chemicals (Saint-Quentin-Fallavier, France).
Chemical analysis
Ammonia concentration was determined with an ammonia gas sensing electrode (Orion, mode 95-12) and volatile fatty acid (VFA) concentrations were determined by gas-liquid chromatography (GLC) on capillary column (Debroas and Blanchart, 1993b (Depardon et al, 1995) . As only peptides containing aromatic residues absorb at this wavelength, the fraction of small peptides was probably underestimated. The apparatus was a Beckman system (Instruments Inc, USA) and the peaks were integrated by the Gold computerized system. (Turgeon and Gauthier, 1990 (1992) . These authors observed that when mixed ruminal bacteria were incubated in vitro with casein hydrolysate, many peptides were never utilized even after 96 h incubation. They concluded that some peptides were resistant to ruminal hydrolysis.
Among the exopeptidase activities measured before incubation, only the DAP-1 activity was very high. In the rumen, this activity would only be due to Prevotella ruminicola (Wallace and McKain, 1991; McKain et al, 1992) . The proteolytic activity (or endopeptidase activity) detected using the azocasein procedure is also present before incubation (t= 0 h). The breakdown of peptides by rumen bacteria started from the first hour of fermentation.
The data from the kinetic studies were submitted to a normalized PCA (fig 7) . The two significant axes (F1, F2) allowed the explanation of 86.5% of the variance. F1 integrated the DAP-1 activity, total proteolytic activity and the concentration of the < 0.5 kDa peptidic fraction. The concentration of the > 0.5 kDa fraction correlated negatively with the aforementioned variables. Correlation with optical density reflected a temporal depolymerization of high molecular weight peptides against those of the < 0.5 kDa fraction. These degradation abilities were closely linked to both total proteolytic and DAP-1 activities. Clearly, the newly resulting < 0.5 kDa fraction was chiefly DAP-1-related. (Chen et al, 1987b, c 
